Introduction
Coarctation of the aorta (Coa) is a congenital heart lesion associated with an increased risk of hypertension, left ventricular (lV) hypertrophy, and other adverse cardiovascular events, even after the Coa has been surgically repaired [1] [2] [3] . lV hypertrophy is important from a clinical perspective, since it is considered an adaptive response to chronically increased afterload 4 , and has been shown to be highly related to cardiovascular morbidity 5 . Furthermore, studies have shown that treatments reducing lV mass decreases the risk of future complications 6 .
It has previously been shown that patients with repaired Coa are at risk of developing increased lV mass due to impairment of vascular mechanics, and abnormal blood pressure regulation 7, 8 , especially in those with an angulated aortic arch, which in turn is associated with late hypertension 9 . However, little is known about how other factors interact with blood pressure and lV mass in this particular population. Therefore, the aim of the current study was to identify factors associated with high lV mass, assessed by cardiovascular magnetic resonance, among patients with Coa.
Material and methods

Patients
In this retrospective and cross-sectional study, all consecutive patients with Coa evaluated by cardiovascular magnetic resonance imaging (MRI) at our institution during 2008-2012 were identified. In general, these patients were followed in the cardiology clinic and underwent at least one MRI examination as adults. Clinical data and echocardiography reports were reviewed.
Cardiovascular magnetic resonance
The investigations were performed using a philips 1.5 T Intera or achieva scanner (philips, Best, The Netherlands). Most examinations included a transaxial stack of T2 weighted "black-blood" images covering the heart and the great vessels. Cine steady-state free-precession (ssFp) images included the two-chamber view, the four-chamber view, a short-axis stack covering the lV from the apex to the base, and three contiguous image planes perpendicular to the aortic root covering the aortic valve and sinus of Valsalva. In 37 patients, a a contrast enhanced MRI angiogram of the thoracic aorta was performed.
Measurement of ventricular mass
analysis of lV volumes, ejection fraction and mass was performed using segment v1.9 R1942 (http://segment.heiberg. se) 10 . The delineation of lV endocardial and epicardial borders was performed manually, and included papillary musculature as a part of the lV myocardial mass (Figure 1 ). Measurements of lV mass were performed at end systole and end diastole and expressed as the mean of the two measurements. a difference of less than 5% between end-systolic and end-diastolic mass was accepted, otherwise technical reasons were sought for and corrected. The resulting mass measurements were indexed to body surface area. Table 1 : overview of demographic and clinical data. BMI = body mass index, Bp = arterial blood pressure measured in the right arm, Coa = coarctation of the aorta. pDa = presistent ductus arteriosus, VsD = ventricular septal defect. asD/pFo = atrial septal defect/persistent foramen ovale, aCE/aRB = angiotensin converting enzyme inhibitors /angiotensin receptor blockers, Vmax = peak velocity. Coa ratio is defined as the ratio between the minimum dimension at the level of coarctation and that of the distal descending aorta. 
Measurements of aortic dimensions
The diameter of the ascending aorta was measured in transaxial T2-weighted "black-blood" images at level of the pulmonary artery bifurcation, whereas the diameter of the descending aorta, and the minimum diameter of the aorta at the site of coarctation, was measured in maximum intensity projection reconstructions of the aorta from the contrast enhanced MRI angiography images (n = 37) or in orthogonal cine images at the site of coarctation (n = 12).
Aortic valve function
Information concerning aortic valve function (degree of stenosis or regurgitation) was primarily gathered from the patients' MRI report, and, when necessary, from the echocardiography report. aortic valve function was determined using standard definitions and was graded as mild, moderate or severe. In the statistical analyses, patients were classified into two groups; those with moderate or severe aortic valve disease or previous aortic valve intervention, and those with mild lesions or normal aortic valve function.
Statistics
all calculations were performed using spss 19 (IBM, armonk, NY, usa). Each patient's lV mass was indexed to body surface area and compared to the average value of a healthy population, defined by sex and age 11 . For the statistical analyses, those with a lV mass index exceeding the expected mean by more than two standard deviations were grouped together, and compared with the remaining patients in a series of univariate logistic binary regressions. Casewise deletion was used for missing numeric data. For categorical data (e.g., smoking pattern), missing data were substituted with an inert category that was checked for significance, to be indicated if so.
Factors with p < 0.15 in the univariate regressions were included in a multivariable binary logistic regression model. Variables exhibiting co-linearity were rejected, In post-hoc analysis, an additional multivariate model was constructed with systolic blood pressure categorized into the following groups: ≤ 120 mmHg, [120; 140) mmHg, [140; 160) mmHg and > 160 mmHg. The group ≤ 120 mmHg served as reference. The nullhypothesis was rejected for p < 0.05. 
Results
Patients Table 1 shows the patient demographics and clinical characteristics. In summary, 45% of the patients were female, the mean age was 37 years, and approximately one third was treated for arterial hypertension. More than mild aortic valve disease was present in 5 patients, and 7 patients had undergone aortic valve intervention. approximately one third had associated simple congenital heart defects.
Left ventricular mass
The lV mass index was grouped for distribution in relation to normal values as shown in Figure 2 . Nineteen patients (37 %) had a lV mass index below the expected mean of healthy control subjects while 32 patients (63 %) had a lV mass index above this mean. as a result, the distribution of the mass index was somewhat skewed. Fourteen patients (27 %) had lV mass index more than two standard deviations above the normal mean, 8 (57 %) of whom had a more than mild aortic valve disease or had undergone previous aortic valve intervention.
Factors associated with increased LV mass
as detailed in Table 2 , factors significant at univariate analysis were systolic blood pressure measured, diameter of descending aorta, and > mild aortic valve disease or previous aortic valve intervention. In multivariable analysis, factors independently associated with an increased ventricular mass were; systolic blood pressure, and more than mild aortic valve disease or previous aortic valve intervention. The multivariable model included 46 patients, and yielded R 2 = 0.47, p = 0.002.
Blood pressure and LV mass
In post hoc analysis, systolic blood pressure was categorized into four groups and analysed together with aortic valve status. The group with the highest systolic blood pressure (> 160 mmHg) and more than mild aortic valve disease or previous aortic valve intervention remained significantly associated with an increased lV mass index, and the model yielded R 2 = 0.53 and p = 0.002.
Discussion
In this population with surgically repaired coarctation of the aorta undergoing regular medical follow-up, we found that approximately one quarter of these patients had lV mass index above normal limits. High blood pressure and aortic valvular disease were independently associated with increased lV mass index. Both these factors are potentially modifiable by intervention. It is important to note that even after surgical intervention on the aortic valve, many patients still remain with increased lV mass.
Before surgical intervention was possible, patients with significant coarctation of the aorta often died from lV failure secondary to increased afterload 12 . Despite the fact that surgical intervention of aortic coarctation has been practiced for almost 70 years 13 , persistent lV hypertrophy is still a concern for approximately one quarter of all patients with coarctation of the aorta. The long-term clinical significance of such hypertrophy in young and middle-aged patients is unknown, but treatments targeting and preventing development of increased lV mass are likely justifiable, in order to avoid the well-known cardiovascular morbidity 5 . similarly, a reduction in lV mass is an identified favourable prognostic marker during treatment of essential hypertension 14 .
all patients with more than mild aortic valve disease had a lV mass index above the normal mean, with the majority exceeding the upper normal limit. Thus, many patients may potentially benefit from valve intervention. However, the majority of patients with significant valve disease had undergone surgical correction at some point in their lives. This observation suggests that the risk of lV hypertrophy is not completely eliminated by surgical valve intervention. Furthermore, it may be speculated that aortic valve disease in coarctation of the aorta is associated with general pathology in the ascending aorta and aortic arch, which might contribute to lV hypertrophy 9 . Interestingly, neither peak velocity over the coarctation, nor the absolute luminal diameter at the site of coarctation, both expected to affect systolic blood pressure, were found to be associated with increased lV mass index. In this context, it must be emphasized that there was no haemodynamically significant recoarctation in the population. There was an association between the diameter of descending aorta and lV hypertrophy, but this association did not persist in multivariate analysis. Furthermore, it appears that this was the result of a methodological indexing since the difference disappeared in the multivariable models that compensated for; age, height, and weight (data not shown).
It has long been known that there is an association between blood pressure and lV mass 15 . It is also known that hypertension in patients with initially asymptomatic mild to moderate aortic stenosis is associated with a more abnormal lV structure, as well as with increased cardiovascular morbidity and mortality 16 . Hereby we show that systolic blood pressure, as measured at a regular clinical visit, is highly associated with lV hypertrophy, defined as a mass index exceeding the normal limits. of interest, a prior diagnosis of arterial hypertension was not, in itself, a determinant of hypertrophy, suggesting that successful blood pressure treatment might alleviate the risk. In post-hoc analysis, we found that the association with lV hypertrophy was only valid for the highest quartile of systolic blood pressures exceeding 160 mmHg. From this observation one might conclude that the actual blood pressure at a clinical visit is strongly associated with lV hypertrophy, but this applies only to very high blood pressures (> 160 mmHg). Blood pressures in the range of 120-to-160 mmHg did not appear to indicate any association with ventricular hypertrophy, although that analysis was likely underpowered. Moreover, this finding does not mean that systolic blood pressures of medium range should be clinically accepted. our observation is valid only for the tested association between systolic blood pressure and lV hypertrophy, and in a highly selected population of adult patients with surgically repaired coarctation of the aorta.
In conclusion, a more than mild aortic valve disease or previous aortic valve intervention is associated with an increased lV mass index. There is also an association between ventricular mass and systolic blood pressure, particularly values exceeding 160 mmHg. Controlled hypertension appeared to protect against the development of lV hypertrophy in these patients.
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